Pectate lyases (PLs) cleave the ot-1,4-glycosidic bond of polygalacturonic acid (14) . They have been isolated and purified from bacterial (6, 8) and fungal (1, 16) sources. It has been suggested that PLs are important determinants of pathogenicity in these organisms (2) (3) (4) . Studies of PLs have been complicated because some bacterial strains have more than one gene which encodes PL activity (5, 9, 10). Thus, it is possible that some PL preparations have contained more than one species of PL.
Three PLs have been identified in Erwinia carotovora subsp. atroseptica EC (10) . The PLs were purified from the culture medium but could not be separated from one another. Although the purified protein mixture could macerate plant tissues, it is not known if maceration was due to one of the PLs or to a combination of PLs. Cloning of the genes encoding the PLs followed by restriction and deletion mapping indicated that there are at least three genes which produce a family of PLs in E. carotovora. To further our understanding of each PL, we attempted to subclone each gene. In this paper, we describe the subcloning of pelB, the determination of its DNA sequence, and the characterization of its product, pectate lyase B (PLb).
MATERIALS AND METHODS
Strains and plasmids. Bacterial strains included Escherichia coli HB101 (proA2 ara-14 galK2 xyl-5 lacYl mtl-i rpsL20 hsdS20 supE44 recA13) (13) and E. coli JM103 [A(lac pro) thi rpsL supE endA sbcB hsdR F' traD36 proAB lacIq ZAM15] (13) . Plasmids included pSH2111 (10) and pUC8 (17) .
Media and chemicals. Tryptone-yeast extract medium was used for the routine cultivation of bacterial strains. Ampicillin was purchased from Sigma Chemical Co. Restriction enzymes were purchased from Bethesda Research Laboratories, Inc. [oa-32P]dATP was purchased from Amersham Corp. Endoproteinase Glu-C (protease V8) was purchased from Boehringer Mannheim Biochemicals.
DNA sequence analysis. The DNA sequence was determined by the dideoxy chain termination method (15) . Non-* Corresponding author. random deletions were generated (11, 12) in M13mplO and M13mpll derivatives by using the BglII fragment containing part of pelA and part of pelB (see Fig. 1 ). Some sequences were determined by subcloning or by using synthetic primers.
PL assay. PL activity was determined as described previously (10).
Protein purification. E. coli HB101 containing plasmid pSS1004 was grown in tryptone-yeast extract broth with ampicillin. The periplasmic fraction was prepared as described previously (10), diluted with 3 volumes of 10 mM phosphate buffer at pH 7.4, and passed through a DE-52 anion-exchange column (2.5 by 2 cm) equilibrated with the same buffer. The eluate was directly applied to a CM-52 cation-exchange column equilibrated with the same buffer. The column was developed with a gradient of 0 to 0.3 M NaCl in 10 mM phosphate buffer at pH 7.4. Fractions containing PL activity were pooled and concentrated with a Centricon-10 (Amicon Corp.).
Protein characterization. The optimum pH for the enzyme reaction was determined by incubating the enzyme with a substrate in 50 mM Tris hydrochloride buffer-1 mM CaCl2 for 1 h at 37°C at various pHs. The optimum temperature for the enzyme reaction was determined by incubating the enzyme with a substrate at different temperatures for 1 h in the above-described buffer at pH 8.3. The thiobarbituric acid method and the unit definition were as described previously (10 performance analyzer (Beckman). For amino acid sequence analysis, the lyophilized protein was dissolved in trifluoroacetic acid and applied to a model 470A protein sequencer (Applied Biosystems). The C-terminal peptide of PLb was isolated on a reverse-phase C-18 column after endoproteinase Glu-C (protease V8) digestion. The peptide was identified by amino acid composition analysis, and the amino acid sequence was determined as described above.
RESULTS
Cloning of the pelB gene. Plasmid pSH2111 containing the pelA, pelB, and pelC genes of E. carotovora (10) was used as the source for subcloning the pelB gene. A 1.9-kilobase DraI DNA fragment of pSH2111 was mapped, isolated, and subcloned into the SmaI site of plasmid pUC8 (Fig. 1) . The structure of the resulting plasmid, pSS1004, was confirmed by restriction mapping. In an immunoblot analysis with antibodies raised against a mixture of PLs (10), a 44-kilodalton protein band was detected in the lysate of E. coli HB101 containing plasmid pSS1004 and in the lysate of E. coli HB101 containing plasmid pSH2111 (Fig. 2) . The molecular weights of PLbs prepared from the periplasmic space and cytoplasmic region of E. coli were indistinguishable. The same observation was made with the protein prepared from E. carotovora (10 EC TTT AAA AGG AAA TTT TTT CTT ATA AAA CCC AAA TTA TCC AAT CAT CAG TAT TAC AAA ATG TTT CAA CCG TAA TAC ATT TAA CAT TTC ACC CTT GAA CTG ATC TTA TTT   GAC   EC 16AAC T   TA G TAC   AA  AA   GA   CCG G GTTC CA   CTA TTG A ATGT ATC CTT TTTGA C A A   T   AGC ACA GG   G   TGC G GTGA TCGGTTTTACT   AT C A   ACT CCC CTT GGT TTT TCA CCA AAA CTG AGT TTC ATT TTT GTT GAA AAA TTT GTA CCT GCG ACA TCG GGC ATA TGG AAC GAT AAA TGC CCA TGA AAA TTC TAT TTCIAAG GAGI activity was 40°C. The enzyme had a specific activity of 1.6 U/lug of protein at 37GC and pH 8.3 in the assay buffer described above. Results of the maceration assay indicated that both cell extracts of E. coli JM103 containing plasmid pSS1004 and PLb purified from the same strain caused significant tissue maceration. Amino acid composition and sequence. The NH2-terminal amino acid sequence of PLb and the C-terminal peptide fragment sequence were determined by automated Edman degradation. The amino acid sequences obtained are underlined in Fig. 3 . They are identical to the amino acid sequence predicted by the DNA sequence if the protein starts at amino acid 23 of the open reading frame.
The amino acid composition of purified PLb was determined. The data are consistent with the amino acid content predicted by the open reading frame in Fig. 3 if the first 22 amino acids are removed (Table 1) . DISCUSSION A plasmid, pSH2111, containing three PL genes from E. carotovora has been described (10) . The pelB gene was localized to a 1.9-kilobase DraI fragment, separated from the pelA and pelC genes, and subcloned into pUC8 (Fig. 1) . The resulting plasmid (pSS1004) expressed PLb in an E. coli host. Both purified PLb and the cell extract could macerate potato slices, indicating that a single PL, PLb, can cause maceration. Thus, a mixture of PLs (10) is not required for tissue maceration.
The PLb purified from E. coli was subjected to amino acid composition and sequence analysis (Table 1 and Fig. 3) . The The PLb purified from E. coli has an apparent molecular weight of 44,000, as determined by sodium dodecyl sulfatepolyacrylamide gel electrophoresis; this molecular weight is identical to that of one of the PLs purified from E. carotovora (10) . However, the processed protein deduced from the DNA sequence contains 352 amino acids and has an estimated molecular weight of about 38,000. The unexpected mobility of the pelB gene product in sodium dodecyl sulfatepolyacrylamide gel electrophoresis analysis is not understood, but the same slower mobility in sodium dodecyl sulfate-polyacrylamide gel electrophoresis analysis was reported for pectate lyase E of E. chrysanthemi EC16 ( The codon usage for both proteins has the same pattern of distribution; however, the pelB gene from EC16 is more like the highly expressed genes from E. coli (7) . The codon usage for the pelB gene from EC is shown in Table 2 . A 552-basepair DNA sequence in front of the first AUG codon in the open reading frame of the pelB gene of E. carotovora has been determined (data not shown), and no region homologous to E. coli promoter regions can be found by computer analysis; however, a region homologous to E. coli promoter regions can be found in both the pelE and pelB genes of E.
chrysanthemi.
If the pel genes in E. chrysanthemi and E. carotovora diverged from a common ancestor, the species are very distant and the common genus designation is inappropriate. However, it is conceivable that the genes are or have been on plasmids or phages and that the two species are not as distant as the 75% homology suggests.
